In this investigation, a mixture of sugarcane bagasse and rubber seed oil was subjected to pyrolysis for liquid fuel production, using aluminosilicates with different Si/Al ratios as catalysts prepared from rice husk silica and aluminum metal by electrochemical method. A series of pyrolysis experiments was conducted at the temperature range of 250 to 500 o C, with the main purpose to investigate the effect of the Si/Al ratios of the catalysts on the chemical composition of liquid fuels produced. The liquid fuels produced were analyzed using gas chromatography-mass spectrometry (GC-MS) technique for component identification. The experimental results show that the most intense production of liquid took place at the temperature range of 350 to 480 o C, while at lower temperatures gaseous product emerged as the main product. Analysis of the product using GC-MS technique revealed the presence of a series of compounds in the liquids, and broadly belongs to hydrocarbon, alcohol, ester, ketone, aldehyde, and acid. The results display significant effect of the catalyst composition on the composition of the liquids. The main trend observed is the tendency of increased the hydrocarbon content with decreased the Si/Al ratio of the catalyst, down to the ratio of 2.3 which produced liquid fuel with the highest hydrocarbon content 86%.
INTRODUCTION
In response to the present energy situation, in which the global demand for fuels continuous to increase, searching for alternative and renewable energy sources has been extensively carried out around the world. This initiative has been taken in acknowledging the insecurity of energy supply in the near future if the world continues to rely on fossil fuels. In this respect, fuels derived from biomass are, in principle, the most ideal solution for several reasons. The availability of various types of biomass in practically all regions around the globe, together with their renewability, support the sustainability of raw material for production of renewable energy sources (biofuels). As natural organic matter, biomass is environmentally friendly due to very low content of sulphur and nitrogen. For this reason, the amount of nitrogen oxides and sulphur dioxide gases produced from combustion of biofuels is much lower than those released from the utilization of fossil fuels. Furthermore, the CO 2 gas released from combustion of biofuels are naturally consumed by plants through photosynthesis, making biofuels as CO 2 neutral energy sources.
Among liquid biofuels, liquid fuel obtained by pyrolysis of biomass continues to gain growing interest. Although has not reached commercial level as the case with bioethanol and biodiesel, pyrolytic liquid fuel offers considerable advantage over the other two liquid fuels, primarily in term of raw material. It is well known that product of bioethanol as well as biodiesel relies on specific substrates, i.e. reducing sugar for production of bioethanol 1, 2, 3 , and vegetable oils 4, 5 or animal fats 6, 7 for production of biodiesel. Pyrolysis, on the other hand, is not limited by the raw material, in a sense that this technique could be applied to any type of biomass, thus offering unlimited opportunity for intensive development of the technique to enable the production of liquid fuels. In addition, the quality of liquid fuel to suite various needs can be improved using different upgrading processes 8, 9, 10 .
In recognizing the potential of pyrolytic liquid fuels, production of liquid fuel by pyrolysis of different biomass raw materials has been extensively investigated. Various biomass samples have been tested, among others are forest residue 11 , refinery residue 12 , lignin 10 , cassava 13 , wood and agricultural residues 14 , lignocellulosic 15 , micro algae 16 . In general, the results of previous investigations suggest that pyrolysis of solid raw materials tends to production of lesser amount of liquid fuel compared to that obtained from liquid raw materials. For this reason, in this current study sugarcane bagasse and rubber-seed oil was copyrolyzed in an attempt to optimize the production of liquid fuel from this abundantly available solid biomass.
In addition to raw materials, catalyst is another aspect of pyrolysis investigated progressively, since catalyst is acknowledged functions not only to enhance the pyrolysis process but also determines the types of chemical composition of liquid fuel produced. For these reasons, various catalyst systems have been studied such as zeolite and silica alumina 8 , noble metal, Pd/C 16 , USY zeolite 17 , natural and synthetic zeolite 18 , and aluminosilicate materials [19] [20] . Aluminosilicate is of particular interest since this class of material can be produced with simple methods and from relatively cheap raw materials, and the composition, primarily Si/Al ratio, can be adjusted easily. This latest property of aluminosilicates silicate is very important since the performance of aluminosilicates is strongly influenced by their Si/ Al ratio.
Considering their performance as catalyst and the effect of the Si/Al ratios, in this investigation a series of aluminosilicates with different Si/Al ratios was synthesized from rice husk silica and aluminum metal using electrochemical method, adopting the method applied in previous study 21 . This preparation method was selected considering the main feature of electrochemical process, in which the quantity of the electrolysis product depends on electrochemical variables, such as the potential and electrolysis time, applied. In this respect, the quantity of Al 3+ ions resulted from electrochemical oxidation of aluminum metal used as anode is influenced by the potential and electrolysis time. Therefore, in principle, the aluminosilicates with different composition (Si/Al ratio) can be produced by varying the potentials and electrolysis times. Of aluminosilicates produced will vary, therefore will lead to production of aluminosilicates with varied Si/Al ratios. The aluminosilicates were then subjected to calcination treatment at 700 °C for 6 h, and then tested for pyrolysis experiments, with the main purpose to study the catalytic activity of the catalysts. The liquid fuels were characterized using GC-MS method 13, 16, 17 method to compare the composition of liquid fuels produced using different catalysts, taking the emphasis on the hydrocarbon content of the fuels.
EXPERIMENTAL METHOD

Materials
The chemicals used in this study, sodium hydroxide, nitric acid, are reagent grade obtained from Aldrich. The aluminum metal rods ware purchased from CV Aluminium Jaya Perkasa, Jakarta. Rice husk was obtained from local rice milling industry in Bandar Lampung.
Instruments
The main equipments used in this study was GCMS-QP2010 SE SHIMADZU for identification of the chemical composition of the liquid fuels produced, and. The PANalytical Epsilon 3 XFR instrument was used for elemental analysis of the aluminosilicates.
Procedures Extraction of rice husk silica
Rice husk silica was obtained using an alkali extraction method reported in literatures 22, 23 . Typically, a sample of 50 g dried husk was mixed with 500 mL of 1,5% NaOH solution in a beaker glass. The mixture was boiled for 30 min. and then allowed to cool to room temperature and left for 24 hours. The mixture was filtered to separate the filtrate which contains silica (silica sol). To obtain solid silica, the sol was acidified by dropwise addition of 10% HNO 3 solution until the sol was converted into gel. The gel was aged for three days, and then rinsed repeatedly with deionized water to remove the excess of acid. The gel was oven dried at 110 o C for 8 h and ground into powder.
Preparation of aluminosilicate
Preparation of aluminosilicate was carried out using an electrochemical apparatus which consists of a home-made glass container with a cover having four drilled holes for assembling the electrodes. Four electrodes were used, two graphite rods as cathode and two aluminum rods as anode. The electrodes were fixed on the cover and inserted vertically into the cell at a distance of 2 cm from each other, with a 3 cm distance between the bottom of the electrodes and the bottom of the cell to allow easy stirring of the sample during the experiment. The cell was then connected to a variable voltage supply to allow the conduct of experiments at different potentials.
For preparation of aluminosilicate, 20 g of dry silica was redissolved in 600 mL of 1.5 wt% NaOH solution in the solution was transferred into electrochemical chamber, and then diluted into 2.0 L using distilled water. To commence the experiment, the potential was adjusted to a specified value and electrolysis was carried out at specified time. In this study, experiments were carried out at 6, 8, 10, and 12 Volt, and reaction time of 1, 2, and 3 h for each of the potentials used, therefore, 12 aluminosilicates precursors were produced. The precursors were then dried and subsequently calcined at 700 o C for 6 hours.
Pyrolysis experiment
A typical sample for pyrolysis experiment was prepared by mixing 200 mL of rubber seed oil and 50 g of sugarcane bagasse. The mixture was allowed to stand at room temperature for 24 h to allow the two raw materials to mix thoroughly. For pyrolysis experiment, 10 g of catalyst was added into the raw material, and then the sample was transfer into pyrolysis unit. Pyrolysis process was carried out by setting the peak temperature of 500 o C, and the liquid produced was collected. The liquid was transferred into separatory funnel for separation of organic phase (liquid fuel) and water phase. The liquid fuel obtained was then analyzed by GCMS, with the aid of MS Library system of Wiley 275 for tentative identification of the chemical composition of the liquid fuel.
RESULTS AND DISCUSSION
Aluminosilicates preparation
Asa previously described, the preparation of aluminosilicates was conducted by applying different potentials and electrolysis times, with the aim to produce aluminosilicate with different Si/Al ratios. The experimental results are presented in Table 1 . (Table 1) , for each potential used, increased electrolysis times led to decreased Si/Al ratios. This pattern indicate that extension of reaction times produced more Al 3+ which is in accrodance with the nature of electrochemical process. The variations in Si/Al ratios due to different potentials was also observed, in which the general trend observed is decreased Si/Al ratios with increased potentials used, which is also in accordance with the characteristics of electrochemical process. However, the formation of several products with the same ratios should be acknowledged, which might be resulted from the experimental error. Out of the 12 samples, six samples (marked with *) were selected as representatives of composition for pyrolysis experiments.
The GC-MS analysis of liquid fuels.
A GC chromatogram of liquid fuel obtained using aluminosilicate with the Si/Al ratio of 9.6 is presented in Figure 1 , and identified components in Table 2 . As typical of pyrolysis products of biomass sample it can be seen in Fig. 1 that a large number of compounds were produced, and it should be acknowledged that not all of them were identified. In the case with the liquid fuel sample represented by Fig. 1 , as many as 32 compounds were tentatively identified. In order to simplify the results for more effective interpretation of the data, the identified pyrolysis products were classified into six categories based on the more common chemical types of the products. These six pyrolysis product categories are hydrocarbon, alcohol, ketone, acid, aldehyde, and ester.
Grouping the pyrolysis products into six common groups makes the comparison between the liquid fuels obtained using different catalysts, by defining the composition in term of the relative percentage of the groups. This grouping is also necessary since the variation in the chemical components is observed, making the comparison based on single compounds impractical. To estimate the proportions of each of the category of the product type, the amount of each pyrolysis product assigned to each of the caategory, expressed as the peak area relative to the sum of the peak areas of all identified compounds, was calculated as a percentage. Then the values were grouped and summed to give relative percentage of each of the category and used for semi quantitative comparison between the liquid fuels obtained from different experiments. Using this approach, the composition of the liquid fuel obtained using aluminosilicaate with the Si/Al ratio of 9.6 is presented in Figure. 2.
The liquid fuels obtained using the rest of the catalysts were treated similarly, and the results obtained with the use of all six catalysts are compiled in Fig. 3 . As can be seen in Fig. 3 , the main component of the liquid fuel is hydrocarbon which contributes 52% of the composition. The existence of hydrocarbons as the prime component is advantageous from the practical point of view since hydrocarbon is the most ideal fuel. Apart from this advantageous compositional characteristic, the presence of less desirable components, primarily acid should be taken into account, reflecting the need for upgrading process before the liquid fuel could be used in practical utilization.
The presence of different categories of compounds resulted from pyrolysis of different biomass has also been reported by others. As an example, the components of liquid fuel obtained by pyrolysis of wild reed 24 were grouped into seven categories: acids, oxygenates, phenolics, aliphatic hydrocarbons, monocyclic aromatics, polycyclic aromatics, and nitrogen-containing species. In the study it was also found that the oxygen-containing compounds are the dominant components of the liquid, which is quite different with the existence of hydrocarbon as the main constituent of the liquid fuel observed in this study. In another study 25 the components of liquid fuel obtained by pyrolysis of Napier grass were divided into groups of hydrocarbon, aromatics, phenolics, alcohol, and other oxygenates. In the study it was also reported the existence of hydrocarbons as the main component, with the contribution of around 23 to 30%, depends on the catalysts used in the experiments.
The experimental results in Figure 3 display several interesting findings regarding the composition of the liquid fuels produced, which signify the important role of catalyst composition. For hydrocarbon category, it can be seen that the relative percentage steadily increases from around 41 to around 86 with decreased Si/Al ratio from 9.6 to 2.3. These results indicate that the best performance in term of hydrocabon formation was exhibited by the catalyst with the Si/Al ratio of 2.3. In adition to emerge as a product with the highesthydrocarbon content, the liquid fuel produced with this particular catalyst was found to contain very low acid content (1.48%). Another important result showing the role of catalyst is the formation of acids, in which it was found that in the liquid fuel produced with catalyst having the Si/Al ratio of 9.6 contains the highest percentage of acid (10%). Acknowledging the highest hydrocarbon content and the lowest acid content, it was then concluded that the liquid fuel produced with the use of catalyst having the Si/Al ratio of 2.3 as the most potential liquid fuel for further study.
Apart from the promising results obtained in this study, it should be acknowledged that the yields of the liquid fuel achieved by the processes are still relatively small (27.3-45.8%). Therefore, further investigation still needed, particularly to improve the yield of the process.
CONCLUSIONS
The results obtained clearly indicate that the composition of the catalyst imparts significant effect on the number of the chemical composition of the liquid fuel produced. The significant effect of the catalyst composition on the liquid yield and the relative composition of the liquid was observed, with the most evident effect is increased relative amount of hydrocarbon and reduction of the acid as the Si/Al ratio increased.
